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Abstract 
The use of ultrasound pretreated on the shelling of watermelon seed kernel, to enhance the oil extraction rate of 
watermelon seed by aqueous enzymatic. The optimal value The hydrolysis conditions were determined as 
follows:dosage of Protex2.63%,temperature47.13℃ ,time4.29h,ratio of stuff towater 1:4.35,pH 7.89. Under the 
optimal conditions, the oil extraction efficiency reached 77.25%. The results showed that watermelon seed oil 
extraction rate of primary and secondary order factors are: ultrasonic power> ultrasonic time> ultrasonic 
temperature.The ultrasound irradiation at 547W and 48℃ for 23s followed by aqueous enzymatic extraction could 
increase the oil extraction efficiency to 98.64% which was21.39% higher than that of non-irradiation with ultrasound. 
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1. Introduction 
The use of ultrasounds in food processing to pretreatment assisted Raw materials has been extensively 
studied. This is due to cavitations generated by ultrasound can accelerate the leaching of active substances 
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extracted. In this work, the extraction of watermelon oil by aqueous enzymatic was assisted by ultrasonic. 
Watermelon seed is a by-product of food processing, but the research on water melon seed oil and protein 
extraction is few. Watermelon seed is rich in fat and protein, Watermelon seed kernel contains 51.4% 
crude oil, crude protein content of 32%.a lot of linoleic acid and other unsaturated fatty acids have a good 
effect on the prevention of various cardiovascular and cerebrovascular diseases. Therefore, the study of 
watermelon seed oil extract has a very practical sense. 
2. Methods 
2.1. Materials
Shelling Watermelon seed(commercial), Protex6L（Denmark novo Company） . Ether, sodium 
hydroxide, ethanol etc. All of the chemicals and solvents used were of analytical grade. 
2.2. Methods 
2.2.1 Determination of the composition of a watermelon seed 
Determination of moisture content：GB304—87, Determination of crude fat: GB5512-85 were 
determined in the Soxhlet extraction method, Determination of protein: GB6432-94 standard method. 
2.2.2 Technological process  
Watermelon seed kernels→cleaning→grinding→water regulation→ultrasonic pretreatment→pH, and 
temperature regulation→ digestion→enzyme inactivation →centrifugation→ frozen ethanol emulsion 
layer emulsion breaking →high-speed centrifugation→ watermelon seed oil 
The specific steps: 
Weigh 50g watermelon seed with different ultrasonic factors, placed in to each four-neck bottle. By 
the same enzyme loading, temperature, reaction time, water ratio, PH value(dosage of 
Protex2.63%,temperature47.13℃,time4.29h,ratio of stuff towater 1:4.35,pH 7.89) to reaction. To make 
the total oil extraction rate as the indexes. 
2.3. Determination 
The total extraction rate of oil (%)=(grams of raw materials* the mass fraction of watermelon seed oil- 
residual amount of residue) /(grams of raw materials* the mass fraction of watermelon seed oil) 
3. Results and discussion 
3.1.  The influence of ultrasound on watermelon seed oil extraction rate 
3.1.1 The influence of ultrasonic power on watermelon seed oil extraction rate 
Under the optimum conditions and ultrasonic processing time in the 20s, ultrasonic temperature 50 ℃, 
study on the impact of ultrasonic power on oil extraction rate, the results shown in Figure 1. 
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Fig.1 Ultrasonic power on the rate of oil 
With the increased of ultrasonic the oil extraction rate is corresponding increased. When the ultrasonic 
power went to 500W, the oil extraction rate reached 95.11%.This is because the higher the ultrasonic 
power is, the greater the effect of cavitation and mechanical, and molecular diffusion, all this will make 
more oil leaking. However, when the ultrasonic power more than 500W, the oil extraction rate was 
slightly reduced. This may due to the high power and the obvious instantaneous thermal effect, caused the 
high local temperature, lead to protein denaturation. 
3.1.2 The influence of ultrasonic time on watermelon seed oil extraction rate 
Under the optimum conditions and in the ultrasonic power of 500W, ultrasonic temperature 50 ℃, 
study on the impact of ultrasonic time on oil extraction rate, the results shown in Figure 2. 
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Fig.2 Ultrasonic time on the rate of oil 
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The watermelon seed oil extraction rate was increased with the extension of ultrasonic time, and 
became stable after ultrasound 20s, this shows that it is closed to the limit, a further period of ultrasonic 
time on the watermelon seed oil extraction rate of increase is not meaningful. 
3.1.3 The influence of ultrasonic temperature on watermelon seed oil extraction rate 
Under the optimum conditions and in the ultrasonic power of 500W, ultrasonic time at 20s, study on 
the impact of ultrasonic temperature on oil extraction rate, the results shown in Figure 3. 
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Fig.3 Ultrasonic temperature on the rate of oil 
Figure 3 shows that, with the increasing of ultrasonic temperature, the rate of watermelon seed oil 
extraction is rising. The extraction rate became slower, when the temperature exceeds to 50℃.The reason 
is the high temperature is Conducive to the dissolution of protein, but the high temperature would lead to 
protein denaturation. Considering the optimal ultrasound temperature is 50℃. 
3.2.  Response surface design  
Under optimal conditions, do the ultrasonic testing of single-factor, determine the scope of the 
ultrasound parameters (ultrasonic power, ultrasonic time, ultrasonic temperature). To make the oil 
extraction rate, protein extraction rate, rate of hydrolysis of peptide as the indexes to design the surface 
experiments. 
  Table.1  Factor level table 
 factors   
 
level X1 ultrasonic power （W） 
X2 ultrasonic time 
（s） 
X3  ultrasonic  temperature 
（℃） 
-2 100 5 10 
-1 200 10 20 
0 400 15 30 
1 500 20 40 
2 700 25 50 
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3.2.1 Response surface design and result  
In this study, response surface optimization method was used to process optimization. X1, X2, X3 as 
independent variables, the oil extraction rate, protein extraction rate, rate of hydrolysis of peptide as 
responses. Experimental program and the results of response surface was showed in Table 2. 
Table.2  Experimental program and the results of response surface  
Std 
 
Run 
 
ultrasonic 
power 
（W） 
ultrasonic 
time 
（s） 
Ultrasonic 
temperature 
（℃） 
oil 
extraction 
rate 
（%） 
protein 
extraction 
rate 
（%) 
rate of 
hydrolysis of 
peptide 
（%） 
1 1 100 5 40 76.3 79.83 20.54 
5 2 100 15 20 77.35 77.94 22.74 
12 3 400 25 60 93.19 90.7 42.54 
8 4 700 15 60 93.1 98.41 34.4 
7 5 100 15 60 72.65 77.5 24.91 
16 6 400 15 40 95.2 96.32 37.24 
13 7 400 15 40 95.2 96.52 37.24 
17 8 400 15 40 95.2 96.52 37.24 
3 9 100 25 40 80.07 72.49 30.46 
4 10 700 25 40 97.99 94.22 34.9 
2 11 700 5 40 88.41 91.28 29.41 
11 12 400 5 60 89.18 98.4 33.84 
14 13 400 15 40 95.2 96.52 37.24 
9 14 400 5 20 83.2 88.96 24.92 
6 15 700 15 20 90.01 91.04 23.66 
10 16 400 25 20 95.16 88.55 36.56 
Response surface shown in Figure4, Figure5, Figure6 
 
Fig 4.Y=f(x1, x3)                                                     Fig 5.Y=f(x1,x2)  
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Fig 6. Y=f(x1,x3) 
3.3. The ultrastructure of watermelon seed with different enzymatic hydrolysis time 
Learned a watermelon solid of different enzymatic hydrolysis time (0-3h).Observed the changes in 
cells by transmission electron microscopy. It can be seen from the following four figures, as the 
enzymatic hydrolysis progresses ,protein was continuous degradation by the enzyme, more and more oil 
gradually freed. 
   
Fig7. Watermelon seed material                                       Fig 8 reaction for one-hour 
   
 Fig 9 reaction for two-hours                                           Fig 10 reaction for three hours 
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4. Conclusion 
Application of response surface optimization method to analyze the regression model, When the 
response surface shows that the optimal value: the ultrasound irradiation at 547W and 48  for 23s, the ℃
oil extraction rate 98.64%，protein extraction rate 95.76%，rate of hydrolysis of peptide 41.05%. 
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